Objective: The aims of this study were to determine the effect of puberty and the menstrual cycle on resting energy expenditure (REE) in females with cystic fibrosis (CF). Design: Cross-sectional study. All participants had measurements of REE, anthropometry and pubertal staging. The measurements in the postmenarche group were carried out both in the follicular and luteal phases of their menstrual cycle. Setting: CF outpatient clinic at the Children's Hospital at Westmead. Subjects: Fifty-six females with CF and pancreatic insufficiency (13 postmenarche) were recruited from the hospital clinic and 63 controls (21 postmenarche) were recruited through families and friends of hospital staff. Results: Females with CF had a higher REE than controls (111.6712.8% of predicted from controls Po0.001). There was a significant effect of menarche on REE with a decrease in the postmenarche À470 kJ/24 h compared with premenarche after adjustment for fat-free mass, fat mass and group (control or CF). There was no difference in REE between the follicular and luteal phases for either CF or controls. Conclusions: Females with CF had raised REE that appeared to be independent of menarche. This study implies all females with CF and pancreatic insufficiency may need more intensive dietary management, owing to raised REE, to maintain growth and nutritional status, and possibly improve survival. Sponsorship: None.
Introduction
It has been established that the majority of patients with cystic fibrosis (CF) have an increased energy expenditure (EE). This has been confirmed by in vitro cell studies (Feigal and Shapiro, 1979) and by in vivo EE measurements of infants, children, adolescents and adults with CF (Shepherd et al., 1988; Fried et al., 1991; Girardet et al., 1994; Tomezsko et al., 1994; Thomson et al., 1996; Zemel et al., 1996; Allen et al., 2003) . The evidence of whether the underlying disease or acquired factors (infection, lung disease) are the cause of this increased EE is not completely clear. There is evidence that the children with pancreatic insufficiency have a higher resting energy expenditure (REE) than those with pancreatic sufficiency (PS) (Allen et al., 2003) , and as phenotype is related to genotype this suggests that the increased EE in CF is related to the cystic fibrosis transmembrane conductance regulator (CFTR) mutations.
Two recent studies have reported a gender difference in REE in children with CF (Zemel et al., 1996; Allen et al., 2003) . In one, a longitudinal study of REE in prepubertal children, there was a greater increase in REE in females compared with males over the 3-year period (Zemel et al., 1996) . Our previous larger cross-sectional study of both prepubertal and pubertal children with CF reported a greater elevation of REE in the females compared with males (Allen et al., 2003) . This gender difference may explain why females with CF have inferior growth and overall impaired survival compared with males (Rosenfeld et al., 1997; Stallings, 2003) . An even more recent small study in females suggested that the difference in REE between girls with CF and controls was greater in postmenarcheal than premenarcheal group (Stallings et al., 2005) ; however, in our preliminary study, we were unable to confirm this finding (Allen et al., 2004) . The aim of this study was to determine the effect of puberty and the menstrual cycle on REE in females with CF.
Methods

Subject selection
Caucasian females with CF aged 5-18 years, who were generally well, that is, no change in respiratory symptoms in the preceding month, were recruited from the CF clinic at the Children's Hospital at Westmead, Sydney, during a routine visit to the outpatient clinic. Unrelated healthy Caucasian females of a similar age, with no known medical condition, were recruited through families and friends of hospital staff as controls. The Hospital Ethics Committee approved the study, and written informed consent was obtained from the parents and older children.
Exclusion factors
Children were excluded if they were febrile or taking any medications in the 12 h before the REE measurement.
Children with CF were excluded from the study if they had any of the following: PS, poor pulmonary function (forced expiratory volume (FEV 1 ) o50% predicted), a pulmonary exacerbation in the past 4 weeks or liver disease including post-transplant. None of the girls with CF had diabetes or were on enteral nutrition.
Pancreatic function in all females had been previously determined on the basis of a 3-day faecal fat analysis, pancreatic stimulation test or both (Gaskin et al., 1984) . All females were receiving pancreatic enzyme replacement therapy at a dose not exceeding 5000 IU/kg/day. Pulmonary function tests were performed before the REE measurement using a standard spirometric technique. FEV 1 was expressed as a percentage of that predicted from height and sex (Polgar and Promadhat, 1971) . At the time of REE measurement, pulmonary exacerbation was determined by questioning and bacterial infection was determined from a cultured sputum sample. Patients were assessed regularly for liver disease by clinical and ultrasonographic examination and for overall severity of illness by Shwachman score.
Pubertal status
Each participant older than 10 years of age was asked to rate their own pubertal status according to the Tanner classification (Tanner, 1962) with reference to the Tanner photographs for breast and pubic hair development. In the younger girls, the mothers rated their daughters' pubertal development. Previous studies have reported that pubertal self-staging in adolescents agrees favourably with physicians' assessment (Duke et al., 1980) . Prepubertal was defined as Tanner stage I for both pubic hair and breast development.
Premenarche was defined as not having started menstruation, whereas postmenarche was defined as having begun menstruation. More detailed questions were asked to establish follicular (preovulation) and luteal (postovulation) phases of their menstrual cycle. The phases of the menstrual cycle were confirmed by documentation of the day of commencement of menses after the test (Dorgan et al., 2003) . The follicular phase was defined as the first 10 days after commencement of menstruation and the luteal phase as the 10-day period before menstruation. There were two girls with CF, who were not menstruating on a predictable schedule and could not be included in follicular and luteal measurements but were defined as postmenarche.
Resting energy expenditure REE was measured in the morning (0800-1030 AM) for 25 min using an open circuit, flow through, ventilated hood indirect calorimeter (Datex Deltatrac II Metabolic monitor, Datex Engstrom, Helsinki, Finland). All the participants achieved a steady state after the first 5 min so the analysis was based on 20 min after a steady state was reached. Females fasted overnight (from midnight) and were afebrile and in a rested state. Females were excluded if they took any medications, including inhaled b2 agonist bronchodilators, 12 h before the measurement. REE was calculated from measured gas exchange over 20 min and extrapolated to estimate REE (kJ/24 h). Measurements in postmenarche females were recorded in the follicular and luteal phases of the menstrual cycle. For comparison of REE between the premenarche and postmenarche children, measurements in the follicular phase were used.
Anthropometric variables
All anthropometric measurements were made using standardized techniques (Gordon et al., 1988; Harrison et al., 1988) . Height was measured with a Harpenden stadiometer (Holtain Ltd, Crymmych, Wales, UK). Body weight was measured with females wearing light clothing with an electronic floor scale (ANDFW-150 K, Tokyo, Japan) and body mass index (BMI) was calculated (weight (kg)/height 2 (m)). Raw values for height, weight and BMI were converted into age and sex appropriate standard deviation scores (SDS) using Centers for Disease Control (CDC) growth reference values (Kuczmarski et al., 2000) . Mid-upper arm circumference (MUAC) was measured at the midpoint between the olecranon and the acromion tip using a flexible, non-stretchable tape measure. Skinfold thicknesses were measured with Harpenden skinfold calipers (British Indicators, St Albans, Harts, UK) at two sites (triceps, subscapular) to allow for the estimation of body fat and fat-free mass (FFM) (Slaughter et al., 1988) .
Statistical analysis
The data were analysed using SPSS (Version 11.5, SPSS Inc, Chicago, IL, USA) statistical package. Differences between group with CF and controls were analysed using two sample t-tests for normally distributed variables and Mann-Whitney for non-normally distributed variables. A predictive equation for REE was derived from control data using regression analysis, with FFM and fat mass (FM) as independent variables. Multiple regression analysis was used to determine the effect of puberty or menarche on REE after adjustment for FFM, FM and group (CF or control), and an interaction term was included to examine group differences across maturation stages. The data were analysed by multiple regression analysis using the combined data, that is, controls and children with CF, to maximize power and to increase precision in the model. To detect a significant difference in REE between prepubertal and pubertal children, a sample size of 30 in each group was required to demonstrate that FFM and pubertal status were significantly different based on R 2 ¼ 0.77, and a power of 80% with each variable contributing more than 0.05 to the model. To detect significant difference between CF and controls in the incremental increase in REE between follicular and luteal phases of the menstrual cycle, 12 participants per group were needed based on an effect rise of 1.25 s.d. for a power of 80%. Differences in REE between follicular and luteal phases within an individual were examined by paired t-test. Differences within the group with CF between pre-and postmenarche females for FEV 1 , Shwachman score and presence of Pseudomonas aeruginosa were tested by t-test for continuous variables and w 2 for categorical data.
Statistical significance was accepted at the 5% level.
Results
The characteristics of the females are summarized in Table 1 . There were significant differences in body composition between the females with CF and controls, with controls being significantly taller and heavier than the group with CF. There was a lower proportion of prepubertal females in the controls compared with the group with CF, but no difference in the proportion of children having reached menarche (33% (21) controls and 23% (13) CF females) and no significant difference in age between the two groups. There were no differences in the mean ages between groups for preand postmenarche or for pre-and postpuberty.
Within the group with CF, there was no difference between premenarche vs postmenarche for FEV 1 (94722 vs 85713%, respectively) or Shwachman score (8579 vs 84710%, respectively). There was a trend to a higher presence of Pseudomonas aeruginosa in postmenarche than premenarche group (50 vs 20%, P ¼ 0.06).
Comparison of REE after adjustment for FFM and FM, menarche or puberty
Females with CF had a higher REE than controls (111.6712.8% of predicted from controls Po0.001). It was found from regression analysis that the females with CF had a mean increase in REE of 484 kJ/24 h compared with controls after adjustment for FFM and FM. Multiple regression analysis (Table 2) showed that menarche was a significant predictor of REE with a significant mean decrease of À470kJ/24 h (P ¼ 0.003) after adjustment for FFM, FM and group, but pubertal status was not a significant predictor of REE (mean decrease ¼ À78 kJ/24 h (P ¼ 0.7)). The interaction term (group Â menarche) in the model was not significant indicating that the difference in REE between controls and girls with CF was constant across the maturation stages (see Figure 1) . Analysis was repeated narrowing the age range of the prepubertal girls to 48 years and 49 years but there was no significant difference in the results.
In the group with CF, disease severity (FEV 1 ) was not a significant predictor of REE (Table 2) .
REE within the menstrual cycle
Differences in REE between the follicular and luteal phases within 28 individuals (10 CF), who had measurements in both the follicular and luteal phases showed a nonsignificant mean difference of À1097655 kJ/24 h (P ¼ 0.4) and no significant difference in REE for either controls or females with CF (see Figure 2a and b). 
Discussion
This study was undertaken to evaluate REE in a group of wellnourished females with CF, with appropriate controls, and to assess the effect of puberty and the menstrual cycle on REE. Overall, the study demonstrated that females with CF have a higher REE compared with healthy controls, after adjustment for body composition. However, importantly, this increase in REE was unrelated to menarche or the phase of the menstrual cycle.
Many studies have described that children with CF have a higher REE than controls (Shepherd et al., 1988; Fried et al., 1991; Girardet et al., 1994; Tomezsko et al., 1994; Thomson et al., 1996; Zemel et al., 1996; Allen et al., 2003) . Our finding that females with CF have a higher REE compared with controls is consistent with previous studies describing raised REE in females with CF (Zemel et al., 1996; Allen et al., 2003) . To our knowledge, there has only been one other small study (n ¼ 16) in females with CF that has specifically looked at the effect of puberty on REE (Stallings et al., 2005) . The results REE in females with cystic fibrosis A Barclay et al from that study showed a decrease in REE with menarcheal age but a slightly greater increase in REE when compared with controls in menarcheal girls compared with premenarcheal girls (10 vs 7%, respectively). These differences were not significant as regression analysis showed that REE adjusted for body composition was higher in females with CF across all maturity groups. Similarly, our larger study showed no difference in REE between post-and premenarcheal after adjustment for body composition and group. We realize that the effects of bias and confounding are difficult to control in studies such as this. In particular, disease severity in the group with CF may have influenced the results, although the selection criteria of enrolling only well children, all with pancreatic insufficiency without poor pulmonary function or a pulmonary exacerbation in the prior 4 weeks to testing or liver disease was to control for disease severity between menarcheal groups. This was confirmed by there being no significant differences in pulmonary function or Shwachman score by menarche. Although the presence of Pseudomonas aeruginosa tended to be more prevalent in postmenarche than premenarche girls with CF, Pseudomonas aeruginosa has not previously been a significant contributor to REE (Allen et al., 2004) .
Despite finding an effect with menarche on REE, our study was unable to demonstrate an effect of puberty. The lack of effect of puberty in our study may be owing to type II error as a result of small numbers in the different Tanner categories. In healthy females, the effect of pubertal development on REE is still controversial (Kimm, 2003) . Two studies have described a decrease in REE in females with advanced pubertal development (Morrison et al., 1996; Sun et al., 2001 ), whereas another study described no difference in REE with pubertal development (Molnar and Schutz, 1997) . In the longitudinal study (Sun et al., 2001) , there was a mean decrease in REE of À935 kJ/24 h between Tanner stages 1 and stages 4 and 5 after adjustment for body composition, ethnicity, sex and age. The decrease in REE with pubertal development can probably be explained by the changes in the components of FFM with age as the relative contributions of the most metabolically active tissues (brain, liver and heart) decline as body size increases (Henry, 2000) .
In this study, we were unable to document any effect of menstrual cycle on REE. Some studies measuring REE in healthy female premenopausal adults during the menstrual cycle have described a slight increase (5-9%) in REE in the luteal (Hessemer and Bruck, 1985; Webb, 1986 ) compared with the follicular phase, although others have shown no difference in REE between the two phases (Howe et al., 1993; Piers et al., 1995) . However, the weight of evidence points to cyclical changes in REE during the menstrual cycle (The National Academy of Sciences, 2002). Our finding of no apparent difference in REE between the luteal and follicular phases of the menstrual cycle suggests that this is not the aetiology of the raised REE in girls with CF. Although our final numbers are fewer in the group with CF, the higher number of controls to some extent balances this.
Why females with CF have a greater increase in REE compared with males when expressed in terms of control data is puzzling (Zemel et al., 1996; Allen et al., 2003) . It is important to understand this mechanism despite overall improved nutrition, growth and survival for CF, as gender disparity still exists with poorer long-term survival in the female population (Rosenfeld et al., 1997) . The results from this study suggest that REE is elevated in females with CF before the commencement of puberty and remains elevated postpuberty. A longitudinal design would have been more appropriate to measure rates of change in REE through puberty.
In conclusion, both prepubertal and pubertal girls with CF and pancreatic insufficiency have a raised REE. This study implies that even from a young age females with CF need more intensive dietary management, owing to their raised REE, to maintain normal growth and nutritional status and possibly to improve survival.
